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1069-061 Lisboa, PortugalABSTRACT This study documents long-term changes in stature from the Mesolithic to the late 20th century
in the territory of modern Portugal. Data utilised originated from published sources and from a
sample of the Lisbon identified skeletal collection, where long bone lengths were collected.
Mean long bone lengths were obtained from 20 population samples and compiled into nine
periods. Pooled long bone lengths for each period were then converted to stature estimates.
Results show three major trends: (1) a slow increase in stature from prehistory to the Middle
Ages; (2) a negative trend from the Middle Ages to the late 19th century; and (3) a very rapid
increase in mean stature during the second half of the 20th century. The political and territorial
stability of the Kingdom of Portugal may have contributed to the greater heights of the
medieval Portuguese, compared with the Roman and Modern periods. The negative secular
trend was rooted in poor and unsanitary living conditions and the spread of infectious disease,
brought about by increased population growth and urbanisation. Although the end of the
Middle Ages coincided with the age of discoveries, the population may not have benefited
from the overall prosperity of this period. The 20th century witnessed minor and slow changes
in the health status of the Portuguese, but it was not until major improvements in social and
economic conditions that were initiated in the 1960s, and further progress in the 1970s, that
the Portuguese grew taller than ever before. Since the Middle Ages other European countries
have experienced similar oscillations, but showed an earlier recovery in stature after the
industrial period. Copyright  2008 John Wiley & Sons, Ltd.Key words: stature; health; living conditions; secular trend; PortugalIntroduction
Explaining spatial and temporal variations in
human health and population well-being have
become major concerns for anthropologists,
social historians and economists. One of the
major aims has been to document variations in theamento de Antropologia, Rua do Arco
oimbra, 3000-056 Coimbra, Portugal.
t
n Wiley & Sons, Ltd.standard of living across time, and traditionally
this has been achieved by analysing trends in life
expectancy and per capita GDP. However,
the analysis of changes in living stature can
supplement data series on traditional measures,
but particularly can greatly extend their chrono-
logical reach. The use of stature data to infer
variations in the standard of living relies on the
assumption that human growth is responsive to
changes in the environment. In other words, this
kind of study relies on the notion that ‘a child’sReceived 22 October 2007
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H. F. V. Cardoso and J. E. A. Gomesgrowth rate reflects, better than any other single
index, his state of health and nutrition [. . .].
Similarly, the average values of children’s heights
[. . .] reflect accurately the state of a nation’s
public health and the average nutritional status
of its citizens’ (Eveleth & Tanner, 1976: 1). Because
growth is, by definition, a period of biological
immaturity, it is more sensitive to the environ-
ment and thus considered a good indicator of its
quality. Thus, the rate of growth of the individuals
of any population and their final attained height are
very sensitive indicators of the living standards of
any society as reflected by sanitary conditions,
nutritional quality, amount of energy expenditure
and overall health (Susanne, 1984; Bogin, 1999;
Fogel, 1986; Schell, 1989; Tanner, 1982).
In much the same way as children’s growth and
adult stature are considered good indices of the
nutritional and health state of a population,
secular trends in growth and stature are also
regarded as good indices of temporal changes in
nutritional and health conditions. This phenom-
enon, known as secular trend, concerns physical
maturation of children occurring more rapidly,
and children and adults becoming larger than
children and adults of several generations ago
(Susanne, 1984; Tanner, 1989; Malina, 1990;
Bogin, 1999). The factors that influence the
secular trend are related to the material con-
ditions of life which act upon human growth over
long spans of time, namely changes towards
better nutrition, in particular more protein and
caloric intake during infancy, lessening of disease,
as well as better hygiene and delivery of medical
care (Tanner, 1989, 1992; Bogin, 1999). For
example, during the 19th and 20th centuries a
remarkable increase in mean height and earlier
maturation has been observed in almost all
European countries (Bodzsar & Susanne, 1998;
Susanne et al., 2001; Cole, 2003). This has
occurred as a consequence of social and economic
transformations brought about by industrialis-
ation and increased urbanisation, but especially
by social, economic and political changes that
took place after the Second World War.
Similarly, a decline in overall living conditions
can also result in a persistent decrease in stature,
in which case the trend is inverted and a negative
secular change occurs (Tobias, 1988; Bogin,
1999).Copyright # 2008 John Wiley & Sons, Ltd.The main source of evidence for the study of
changes in human adult stature is records of
military recruitment. Conscript data have been
used for some time to illustrate long-lasting trends
in physical growth and, consequently, the
population’s standard of living (e.g. Komlos,
1998, 2003; Federico, 2003; Lo´pez-Alonso &
Condey, 2003; Haines, 2004). However, when
dealing with prehistoric or historical populations
for which there are no documentary records of
living adult stature, researchers have turned to
skeletal remains from archaeological sites to
reconstruct past stature. Osteometric variables
such as long bone length provide simple
cumulative measures of physical growth in
skeletal samples, and since there is a high
correlation between stature and long bone length
(0.8) (e.g. Pearson, 1899; Trotter & Gleser,
1952), measurements of long bones can be used as
proxies for statural growth. As a result, long bone
lengths have been extensively used in the study of
temporal variations in stature of prehistoric and
historical populations (e.g. Laluenza-Fox, 1998;
Formicola & Giannecchini, 1999; Bogin & Keep,
1999; Steckel et al., 2002; Schweich & Knu¨sel,
2003; Steckel, 2004; Gerhards, 2005; Koepke &
Baten, 2005; Maat, 2005).
Because there are several techniques with
which to estimate stature from long bone lengths,
one crucial aspect in examining long tendencies
in stature estimated from skeletal remains is to
ensure comparability of estimates over time. This
can be accomplished either by comparing
absolute long bone lengths, or by comparing
estimates of stature obtained from the same
method and the same bone length. Given that
the various reference samples differ in relative
proportions of their limbs and in the proportions
of limbs to stature, the use of different formulae
will not provide consistent results, as estimates
from different formulae will differ (Waldron,
1998). For example, stature obtained from the
regression formulae of Trotter & Gleser (1952)
can consistently overestimate stature calculated
from Pearson’s (1899) method by as much as 4 to
5 cm or more (Cardoso, 2000).
In Portugal, secular trends in adult stature and
child growth have been documented since the
late 19th century from historical anthropometric
data (Sobral, 1990; Caninas, 2002; Padez, 2003;Int. J. Osteoarchaeol. (2008)
DOI: 10.1002/oa
Adult Stature from the Mesolithic to Modern PortugalCardoso, 2008). Over the years, archaeological
excavations have unearthed thousands of human
remains from several prehistoric and historical
periods, which have been studied by Portuguese
physical anthropologists. Analysis of these
remains has provided a glimpse into the lives
of past peoples in Portugal since prehistory,
namely in the reconstruction of their likely living
stature. However, this source of information has
remained scattered over various publications,
which have been produced over the years, and
was never collated and compared to provide an
extended chronological view. The purpose of this
study is to document temporal variations in the
stature of peoples who inhabited the modern
Portuguese territory since the Mesolithic, and
tentatively infer the overall social and economic
conditions of living that have influenced the
nutritional and health status of these populations
over time. Collection of data was targeted at
prehistoric and historical archaeological samples
which have been studied for other purposes and
for which data on long bone lengths were made
available in published sources.Materials and methods
Data utilised in this study originated from
published materials and from long bone lengths
collected from a sample of the Lisbon identified
skeletal collection. Published data were selected
only when either raw long bone lengths were
provided, or when long bone lengths could be
directly obtained by ‘reversing’ stature estimates,
as long as these were calculated from only
one long bone measurement. ‘Reversing’ stature
estimates means that the estimated stature value
was replaced in the stature formulae and then
solved for long bone length. This ‘reversing’ was
preferable to using the original stature estimate
because this offered the opportunity to obtain
long bone lengths for all periods and then
estimate stature using just one method, rather
than compiling stature estimates obtained from
diverse techniques. This meant that published
materials which did not identify the stature
estimation method, or did not describe or were
unclear on how it was calculated (for example,Copyright # 2008 John Wiley & Sons, Ltd.whether estimates from different bones were
pooled), were eliminated from the study.
The long bone measurements selected were
femur maximum length and humerus maximum
length, because these were the only measure-
ments incorporated into the stature estimation
method (Mendonc¸a, 2000) chosen for this study.
This method was devised for estimating the
stature of modern Portuguese in forensic case-
work, and its choice was based on the fact that
stature estimates obtained from it in all pre-
historic and historical samples would be directly
comparable to modern stature and over time.
Most of the published materials included these
two measurements, except two studies (Gameiro,
1998, 2003). In these two, only oblique or
bicondylar length of the femur was provided.
Given that these were the only two Roman period
studies available, bicondylar length was con-
verted into maximum length. This was achieved
by selecting 100 males and 100 females from
the Lisbon identified skeletal collection and
developing sex-specific regression equations to
estimate maximum length from bicondylar length
(males: max. length¼ 1.017bicond. length –
5.219, R¼ 0.998, R2¼ 0.995; females: max.
length¼ 1.006bicond. length þ 0.381, R¼ 0.996,
R2¼ 0.992), which was achieved with a very high
degree of reliability.
The descriptive statistics for the raw data used
in this study, by time period and sample, can be
found in Table 1, with the respective references.
Studies vary greatly in sample size, from samples
of only one usable individual to population
studies of up to 200 individuals. The fragmentary
nature of the materials reported in several
publications and the insufficiency of raw data
were limiting factors in obtaining larger sample
sizes. The standard deviation of long bone length
could not be obtained from all samples. Some
publications provided individual data, which
were used to calculate the standard deviation,
whereas others only included summary data, such
as mean long bone lengths (or mean stature
estimates) for the male and female samples.
Whenever standard deviations were available,
these were used to calculate standard errors for
population estimates, while assessing differences
between periods. All studies are published as
scholarly theses or as papers in scientificInt. J. Osteoarchaeol. (2008)
DOI: 10.1002/oa
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Adult Stature from the Mesolithic to Modern Portugalperiodicals and, therefore, rigour in age and sex
determination methods employed has been
scrutinised in a scientific manner. Whenever
significant doubts were raised regarding the
accuracy with which age and sex were deter-
mined in a certain sample, it was eliminated from
the analysis. Age was not considered an important
factor in this study, but special attention was paid
to the collection of adult data only. Most authors
were not concerned with the social status of the
individuals in their samples, and no publications
provided sufficient information for a social
categorisation. However, the nature of the sites
indicates a majority of studies representative of
the overall population (e.g. prehistoric collective
burials, historical public cemeteries, church-
yards). Therefore, none of the samples seems
to represent a particularly privileged or under-
privileged social group.
After obtaining mean femur and humerus
maximum lengths for the male and female sample
of each publication, data were compiled into nine
different periods or epochs: Mesolithic, Late
Neolithic/Chalcolithic, Roman, Visigoth, Med-
ieval, Early Modern, Late 19th century (Modern),
Early 20th century (Modern) and Late 20th
century (Modern) (see Table 1). Although all
periods may not be totally homogeneous in their
composition, both spatially and temporally, this
organisation of data was done out of necessity and
convenience, according to the accepted Portu-
guese prehistoric and historical periodisation.
Taken together, the samples cover a time span of
approximately seven millennia. The various
epochs are sometimes separated by considerable
periods of time, which indicates missing infor-
mation. This was the case for the Muslim
occupation between the Visigoth and Medieval
periods, for the Bronze and Iron Ages between
the Chalcolithic and the Roman period, the early
and middle Neolithic, and the Palaeolithic.
Absence of data in the Muslim and Neolithic
periods is related to the scarcity of published
materials or poor preservation of samples,
whereas in the Bronze and Iron Ages it is mostly
related to burial practices, which included
cremation as the most common funerary ritual.
During Roman times cremation was also a very
common practice, and hence the small sample for
this period. With respect to burial practices, it isCopyright # 2008 John Wiley & Sons, Ltd.important to note that samples from most sites
comprise individual graves, whereas from the late
Neolithic/Chalcolithic they originate from col-
lective burials. All samples derive from skeletal
remains, retrieved mostly from urban sites in
Central and Coastal Portugal.
Data from the Modern period were obtained
from two sources: the Lisbon collection (late 19th
and early 20th centuries) and a forensic sample
(late 20th century; Mendonc¸a, 2000). The avail-
ability of recent materials provided greater detail
into stature variations over the last 150 years,
compared with earlier studies. The Lisbon collec-
tion is a documented series of approximately
700 skeletons curated at the Bocage Museum
(National Museum of Natural History) in Lisbon,
Portugal, which derives from modern cemetery
sources (Cardoso, 2006). The individuals in the
collection are all of Portuguese origin and roughly
represent a birth range from 1880 to 1960. This re-
latively wide time interval allowed two periods to
be sampled from the collection: one of individuals
born before 1900 (Modern – late 19th century AD)
and the other of individuals born after 1900
(Modern – early 20th century AD). Although this
was a somewhat arbitrary separation, it took
advantage of the full range of birth years in the
collection and also coincided roughly with major
social, economic and political transitions that
occurred in Portugal, with the decline of the
monarchy around 1890 and the establishment of
a republic in 1910. Femur and humerus maximum
length was collected on a sample of 138 individuals
(69 females and 69 males) born before 1900 and
on a sample of 111 individuals (53 females and
58 males) born after 1900.
Late 20th century data derive from Mendonc¸a
(2000) and comprise stature measurements of
100 male and 100 female cadavers collected over
a period of a few years prior to 1998 in the
National Institute of Legal Medicine in Porto,
Portugal. These individuals are all Portuguese
nationals, born during the late 20th century in the
northern regions of the country. Mendonc¸a’s
forensic sample and the two other modern samples
are meant to represent different cohorts within a
given time interval. Because Mendonc¸a’s sample
represents several cohorts over a roughly 50-year
period, it combines stature from a period of very
intense positive secular trend (Padez, 2003).Int. J. Osteoarchaeol. (2008)
DOI: 10.1002/oa
Table 2. Mean stature estimates calculated from femur maximum length
Period Females Males Sexes pooled
n Mean n Mean n Mean
Mesolithic (5210–4950 BC) 1 146.3 4 160.2 5 153.3
Late Neolithic and Chalcolithic (3500–2100 BC) 20 150.5 6 158.3 26 154.4
Roman (2nd century BC–6th century AD) 4 151.5 6 165.5 10 158.5
Visigoth (6th century AD) 7 154.8 17 166.1 24 160.4
Medieval (12th–16th centuries AD) 23 157.1 37 165.7 60 161.4
Early Modern (15th–19th centuries AD) 9 156.1 21 164.3 30 160.2
Modern (late 19th century AD) 69 153.8 69 163.9 138 158.8
Modern (early 20th century AD) 53 154.2 58 164.2 111 159.2
Modern (late 20th century AD) 100 157.7 100 167.9 200 162.8
H. F. V. Cardoso and J. E. A. GomesAfter compiling samples, data within each
epoch were combined to calculate mean long
bone length for males and females of that epoch.
When there was more than one sample in each
period, mean long bone length was calculated as
a weighted mean, by combining average stature
of all samples in that period, using the sample
size of each sample as the weighting factor;
otherwise the mean long bone length of the only
sample was used. Next, stature estimates from
each period and sex group were obtained from
weighted femur and humerus maximum length
means. Since stature estimates obtained from
these two long bones can provide different
results, stature estimates based on femur
and humerus were not pooled and are
presented separately. For the latest period
(late 20th century) the data refer to actual
stature measurements rather than estimates. Sex
determination methodologies varied from studyTable 3. Mean stature estimates calculated from humerus
Period F
n
Mesolithic (5210–4950 BC) 3
Late Neolithic and Chalcolithic (3500–2100 BC) 16
Roman (2nd century BC–6th century AD) 5
Visigoth (6th century AD) 7
Medieval (12th–16th centuries AD) 28
Early Modern (15th–19th centuries AD) 28
Modern (late 19th century AD) 69
Modern (early 20th century AD) 53
Modern (late 20th century AD) 100
Copyright # 2008 John Wiley & Sons, Ltd.to study, and in order to avoid observer and/or
technique biases, a sex-pooled estimate of
stature was obtained from each period. The
estimates of stature were then plotted against the
time line.Results
Mean stature estimates for each period are shown
in Tables 2 and 3. Data in each table are broken
down by sex, and also includes sample sizes and
sex-pooled estimates for each period. In Table 2,
statures were estimated from femur maximum
length, and in Table 3 from humerus maximum
length. Although sample sizes are somewhat low
in some periods, they are largely comparable to
those of other similar studies (e.g. de Beer, 2004;
Gerhards, 2005; Maat, 2005). Stature estimatedmaximum length
emales Males Sexes pooled
Mean n Mean n Mean
148.0 10 153.2 13 150.6
144.4 10 157.0 26 150.7
153.8 6 163.4 11 158.6
152.7 15 163.3 22 158.0
155.0 39 165.0 67 160.0
153.2 34 162.9 62 158.1
152.5 69 162.0 138 157.2
153.1 58 162.9 111 158.0
157.7 100 167.9 200 162.8
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Figure 1. Evolution of mean stature estimated from femur length when the sexes are pooled. The dotted line connects
mean stature values at the centre of each time interval.
Adult Stature from the Mesolithic to Modern Portugalfrom femur length is almost always greater than
stature estimated from humerus length, but
the overall variation across time does not change
significantly between both sets of estimates. The
only exception is the transition between
the Roman and Medieval periods, which also
shows differences when the sexes are compared
across time. This can be seen more clearly in
Figures 1 and 2, where sex-pooled stature
estimates have been plotted against the time
line. In Figure 1, stature increased from
the Roman, to the Visigoth and then to the
Medieval period, whereas in Figure 2 stature
decreased from the Roman to the Visigoth
period, after which it increased. This is certainly
related to the small samples of the Roman and
Visigoth periods, and consequently their poten-
tially more erratic estimates, but also because they
were not based entirely on the same individuals.
However, stature in the Visigoth period is only
smaller than stature in the Roman period for the
female sample, and when it is estimated from
humerus length (Tables 2 and 3).Copyright # 2008 John Wiley & Sons, Ltd.Despite the difficulties with sample sizes and
with the inability to obtain a measure of
dispersion, such as the standard deviation, and
differences in estimates between long bones and
between the sexes, the data show a rather
consistent pattern across the time period under
examination. This pattern can be summarised as
follows: (1) no significant changes in mean stature
between the Mesolithic and Late Neolithic/
Chalcolithic samples; (2) an apparent secular
change towards increased stature from the
Chalcolithic to the Roman period, but which
does not account for missing data from pre-
Roman peoples; (3) no significant change in
stature from the Roman to the Visigoth period;
(4) an increase in stature towards the Medieval
period which, at this point, seems to include the
tallest individuals – this transition also does not
account for missing data from the Muslim
occupation; (5) a negative secular trend from
the Medieval to the Early Modern period and
then; (6) an apparent decrease towards the
late 19th century; (7) a slight, albeit insignificant,Int. J. Osteoarchaeol. (2008)
DOI: 10.1002/oa
Figure 2. Evolution of mean stature estimated from humerus length when the sexes are pooled. The dotted line
connects mean stature values at the centre of each time interval.
H. F. V. Cardoso and J. E. A. Gomesrecovery in the early 20th century; and (8) an
accelerated increase in stature during the last
40 years or so. Minimum mean sex-pooled stature
is 153.3 and 150.6 cm, when obtained from
Mesolithic femur and humerus length, respect-
ively. Maximum mean sex-pooled stature was
obtained for the modern Portuguese at 162.8 cm.
Stature seems to have increased by approximately
7.0–9.4 cm between the Mesolithic/Neolithic
and the Middle Ages, to decrease by around
2.6–2.8 cm until the late 19th century, after which
a mean increase of 4.0–5.6 cm took place.Discussion
Although the sample sizes for prehistoric and
older historical periods may be considered small,
and data from important periods are missing, this
study was the first in which temporal variations in
stature were examined over such a long period of
time in Portugal. Accordingly, the results of this
study offer a tentative first analysis of the changesCopyright # 2008 John Wiley & Sons, Ltd.in stature since the Mesolithic in the modern
Portuguese territory. Besides samples not always
being adequate in terms of size, they may also not
represent the full variety of populations living in
the modern Portuguese territory at each epoch.
Some geographical areas may be more
represented than others, and the different
populations of each period may show consider-
able variation in mean stature, particularly if large
spans of time are being examined. Given the
natural limitations of these sorts of studies,
we are left to assume that these variations in
stature reflect real population phenomena over
time. The fact that the skeletal remains represent
a very limited geographical variation and were
retrieved from sites which probably represent the
majority of the population at each locality (such
as prehistoric collective burials, historic public
cemeteries, churchyards and the like) and not a
particular social group, gives some support to this
assumption. Of course, the fact that raw data
could not be obtained from all samples was also
problematical, given that no statistical analysisInt. J. Osteoarchaeol. (2008)
DOI: 10.1002/oa
Adult Stature from the Mesolithic to Modern Portugalcould be performed to test the significance of
differences in mean stature between periods.
Another potential difficulty with this study is
that it must be assumed that late 20th century
statures (Mendonc¸a, 2000) are directly compar-
able to stature estimates in all prehistoric and
historical periods, because stature has been
estimated from regression formulae developed
on the late 20th century sample. Although the
late 20th century Portuguese may have differed
from earlier populations in the relative pro-
portions of the trunk and leg to body height, this
approach is the best approximation we can aspire
to with respect to reconstruction of stature from
skeletal samples. Unless a measure of skeletal
height, leg length and trunk height can be
obtained consistently, which is particularly
difficult to achieve with skeletal remains, stature
estimates can only be comparable across popu-
lations or epochs if calculated using the same
methodology or if only absolute lengths are used,
as we have done in this study.
Data examined here suggest a first positive
secular trend in stature from the Mesolithic to the
Middle Ages. The Mesolithic–Neolithic tran-
sition has been associated with an overall
decrease in health, namely malnutrition and
increased infection, due to the lifestyle and
subsistence changes that occurred from foraging
to farming economies (Cohen & Armelagos,
1984). Data in this study, however, do not show
such a reduction in living conditions. The
inability to detect significant stature changes
between the Mesolithic and the Late Neolithic/
Chalcolithic may result from small and unrepre-
sentative Mesolithic samples, or in turn, given the
missing data from the early and middle Neolithic,
it may suggest that the initial decrease in stature
from the Mesolithic to the early Neolithic was
not sampled and that there was a recovery
towards the end of the Neolithic and Chalco-
lithic. For example, Gerhards (2005) found that
Mesolithic people from Latvia were as tall as Late
Neolithic people, but early and middle Neolithic
populations were significantly shorter. An
alternative explanation could be that the Meso-
lithic peoples were not significantly taller than
the Neolithic populations because the negative
health impacts of a sedentary and agricultural life
were already established in the Mesolithic. ThisCopyright # 2008 John Wiley & Sons, Ltd.explanation is consistent with skeletal and
isotopic evidence presented by Jackes et al.
(1997a,b), Lubell et al. (1994) and Cunha et al.
(2004), which suggests that the Portuguese
Mesolithic was not necessarily replaced by a
miserable and unhealthy Neolithic. These
authors also suggest that the Mesolithic–
Neolithic transition in Portugal shows a shift in
diet and subsistence, but that it was not sudden,
but rather gradual and continuous. These argu-
ments, however, are not totally incompatible with
models of population replacement (Zilha˜o,
1998).
The changes in mean stature between the Late
Neolithic/Chalcolithic and the Roman period
may not be interpreted as a continuous increase,
because the pre-Roman peoples were not sampled
and Roman sample sizes are small. Nevertheless,
the tendency is suggestive of an increase in
stature compared with early pre-historic popu-
lations. The Roman occupation meant the
enforcement of a modus vivendi, which included
a novel model of urbanised society, with cities at
its centre. These urban centres were well planned
and organised, built with great hygienic con-
cerns, and were connected by an extensive
network of roads and water routes, which
provided continuous exchange of goods and
commodities (Fabia˜o, 1992). Although Roman
societal organisation and hygiene may have
contributed to an improvement in living stan-
dards, and thus to an increase in stature,
increasing urban population densities and social
inequalities may have also had a detrimental
impact on large sectors of the society, particularly
the lower classes who did not enjoy the
commodities provided by the Roman modus vivendi
(Koepke, 2002). Although the increase in stature
from the Chalcolithic to the Roman period may
be indicative of a positive impact of Roman
societal organisation on health, and consequently
on stature, the greater heights of medieval
populations suggest worse living conditions in
the Roman world.
Although the collapse of the Roman Empire
implied a change in societal organisation,
through the disappearance of Roman institutions
and the introduction of new customs brought by
the Germanic invasions, namely the ruralisation
and feudal organisation of society (Mattoso,Int. J. Osteoarchaeol. (2008)
DOI: 10.1002/oa
H. F. V. Cardoso and J. E. A. Gomes1992), the transition between the Roman and
Visigoth periods may not have resulted in any
significant changes in mean stature. The collapse
of Roman rule did not result from war, generalised
epidemics or crop failures, and the occupation of
the territory by the Visigoths may have only
altered the centres of power and administration,
with no major negative consequences for the
living standards and health of the local popu-
lations. Unfortunately, the analysis of the
transition to the Middle Ages lacks data from
the Muslim occupations, which occurred
between the Visigoth kingdom and the founda-
tion of Portugal.
With the foundation of the kingdom of
Portugal (12th century), the overall living
conditions of the population most likely
improved. The political stability allowed for
major social and economic developments, namely
technological agricultural innovations which
effectively increased agricultural production
and allowed wider distribution of goods (Mar-
ques, 1980; Mattoso, 1993), which in turn
allowed for an improvement in diets (Fernandes,
1993). Although the Portuguese early Middle
Ages witnessed an increase in population, this
process did not mean an increase in population
density, particularly in urban centres, because it
coincided with the southern expansion of the
Portuguese territory, conquered from the Mus-
lims (Mattoso, 1993). Despite a few epidemic
outbreaks and brief periods of starvation, the
Portuguese Middle Ages were a period of
relative economic prosperity (Marques, 1980).
The relative political stability and an efficient
and relatively isolated economy, allied to a low
density of population, may have contributed to
overall good living conditions, which provided
the environment for the Portuguese to grow
taller than ever before. The Middle Ages seem
to represent the endpoint of approximately
6000 years of positive trend in stature, and it
was not until five centuries later that they would
become yet taller. A similar study carried out by
Laluenza-Fox (1998), using several skeletal
samples from the Iberian peninsula, including
Portugal, has found the same overall trend
of increasing stature until the Middle Ages,
although it does not include data from the Early
Modern Ages.Copyright # 2008 John Wiley & Sons, Ltd.From the Middle Ages until the late
19th century, mean stature seems to have
declined. This decrease can be correlated with
the increase in population density and urbanis-
ation which occurred in Portugal after the Middle
Ages. During the Early Modern Ages the
population grew steadily, as well as the number
and size of urban centres (Rodrigues, 1993;
Serra˜o, 1993). In addition, poor hygiene was
generalised, medical care was scarce, and welfare
was practically nonexistent. Assistance was only
provided during periods of epidemic crisis, and
then priority was always given to members of the
upper classes (Rodrigues, 1993; Braga, 2001).
Unhygienic and overcrowded conditions in most
of the cities and towns, together with a
generalised lack of assistance for the sick, resulted
in frequent epidemics and poor health for the
population. Poor nutrition during the Portuguese
Early Modern Ages, compared with the Middle
Ages, has been associated with deficient labour
for cultivating the fields, competition from
cheaper foreign products, diversion of resources
for the Portuguese overseas expansion, and lack
of investment in technology by the great land-
owners who still exploited peasant labour
(Magalha˜es, 1993). These poor living conditions
during the early Modern age in Europe, which are
also described by de Beer (2004), Steckel (2004)
and Maat (2005), resulted in a decrease in stature
from the Middle Ages to the early 19th century.
For example, Steckel (2004), using medieval and
modern samples from northern Europe, found
that the most prosperous period was the Middle
Ages.
This reduction in overall health status during
the Early Modern period seems to contradict the
prosperity associated with the Portuguese age of
discoveries and colonial expansion during
the 15th and 16th centuries and later. Yet,
economic development may not automatically
have translated into good health status. This
period was one of concentration of capital, and
probably mostly benefited the wealthy and
people from the main centres of commerce, such
as the capital city. The economy was also
unstable and based on Portuguese colonial trade,
which did not greatly benefit home markets
(Magalha˜es, 1993). Problems brought about by
increased urbanisation may also have beenInt. J. Osteoarchaeol. (2008)
DOI: 10.1002/oa
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of disease brought by the voyages that built and
maintained the colonial empires (Steckel, 2004).
In addition, Portugal gradually saw its wealth
decreasing after the 16th century. The country
was under the rule of Spanish kings from 1580 to
1640, and Portuguese colonies became the
subject of attacks by Spain’s opponents, namely
Holland, England and France. With a smaller
population and unable to defend its overseas
colonies and trading posts effectively, the
Portuguese empire began its long and gradual
decline. The country was further weakened by
the destruction of much of its capital city in a
1755 earthquake, by the Napoleonic invasions,
and later by the loss, in 1822, of its largest and
wealthiest colony, Brazil (Fernandes et al., 2003).
The decline of the country as a world political
power, its fragile agricultural system, incomplete
and incipient industrialisation and weak capitalist
system, further depressed the living conditions of
the population during the 19th century. Contrary
to what was the case in several European
countries, where there was a generalised decrease
in mean stature between the late 18th and
early 19th century during industrialisation (Kom-
los, 1998; A’Hearn, 2003; Federico, 2003; Haines,
2004; Maat, 2005), stature in Portugal was
probably still decreasing by the late 19th century.
Although there are no Portuguese health or social
development statistical indicators available for
the 19th century to support and illustrate this
assertion, the social and economic delay relative
to several other European countries is well
documented for the 20th century (e.g. Tortella,
1994; Schmidt et al., 1995). However, it is likely
that, because the late 19th century sample derives
from the largest Portuguese city, Lisbon, where
living conditions may have been more depressed
than in other cities, the decrease in stature may be
slightly amplified. Lisbon was an important
industrialised area during the late 19th century
and reflected the increasingly difficult conditions
of the working classes: greater income inequality,
rapid population growth and urbanisation, and
extremely unhygienic conditions of overcrowd-
ing and lack of sanitation, which helped to spread
all sorts of communicable diseases (Crespo,
1990). For example, all kinds of household waste
were habitually thrown into the streets of LisbonCopyright # 2008 John Wiley & Sons, Ltd.by the late 19th century. Lack of medical
assistance, contaminated water sources and
intentionally compromised foods were also
responsible for considerable misery and spread
of disease in most Portuguese cities and towns
(Crespo, 1990).
After a relatively long period of negative
secular trend, there may have been a slight
recovery in mean stature from the late 19th
century to the early 20th century. However, it
was not until the 1960s and 1970s that the
Portuguese experienced a significant secular
increase in stature (Padez, 2003). In this respect,
the evolution of stature between the late 19th
century and the late 20th century is consistent
with the secular trend documented for Portugal
from conscript data (Padez, 2003). Portugal
emerged into the 20th century as a declining
world political power, with a late and incomplete
industrialisation, a heavily primary sector based
on poor and rudimentary agriculture and insuffi-
cient penetration of market mechanisms. In 1910
Portugal was established as a republican state, and
then in 1926 it gave rise to the longest standing
dictatorship in Europe (Baioˆa et al., 2003). It was
not until 1974 that a military coup overthrew the
dictatorship and set the basis for a democratic
system, which accomplished major improve-
ments in economic and social welfare. Therefore,
during most of the 20th century, Portugal
experienced only very slow change, but in a
few decades, particularly since the country’s
union with the EFTA (European Free Trade
Association) in 1960, the country accomplished
what other nations took considerably more time
to achieve. Portugal experienced rapid growth
and change from a mostly agrarian society to one
strongly oriented towards the service sector. It
was not until relatively late that the Portuguese
benefited from the invention of food refriger-
ation, better and cheaper foods, improvements in
housing, public health and sanitation associated
with running water and sewer systems, as well as
improvements in welfare and medical care.
Since the Middle Ages, the Portuguese seem to
have experienced oscillations in mean stature
similar to those of other European peoples (e.g.
Komlos, 1998; A’Hearn, 2003; Federico, 2003; de
Beer, 2004; Haines, 2004; Steckel, 2004; Maat,
2005). Overall, after a long period of decrease inInt. J. Osteoarchaeol. (2008)
DOI: 10.1002/oa
H. F. V. Cardoso and J. E. A. Gomesthe centuries immediately following the Middle
Ages, the negative trend in mean stature was
reversed after the industrial period. The main
difference seems to be one of delay in recovery of
stature, which took place in other central and
northern European countries after industrialis-
ation in the late 19th century. The initial turning
point in stature trend for the Portuguese seems to
have occurred only in the early 20th century, but
very faintly. A long period of relatively slow
changes was followed by a sharp acceleration in
stature in the last 40 years. Although differences
in mean stature between periods could not be
statistically tested, major patterns seem valid and
consistent with historical and/or archaeological
evidence.Conclusion
The analysis of approximately 7000 years of
variation in mean stature of peoples who
inhabited the modern Portuguese territory has
shown that the most important shifts have been
the slow increase in stature from prehistory to the
Middle Ages, the negative trend thereafter, and
the remarkable recovery and rapid increase over
the last decades. This pattern provides an insight
into changes in living conditions and overall
health of the population which is not dependent
on historical accounts or documentary sources of
demography and income or wealth. Although
stature data examined in this study seem to
conform to general historical knowledge from
standard sources, particularly since the Middle
Ages, it challenges the conventional notion that
medieval peoples lived in a time of misery and
plague, the so-called ‘Dark Ages’, and also defies
the Portuguese colonial era as one of great
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